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Introduction: Cosmic rays are known to cause bi-
ological effects directly and through ionizing radiation
produced by their secondaries. These effects have been
detected in airline crews and other specific cases where
members of the population are exposed to above aver-
age secondary fluxes. Recent work has found a correla-
tion between solar proton events (SPEs) and congenital
malformations. These correlations have been seen both
during the SPEs of October 1989 [1], as well as in the
long term periodicity of galactic cosmic rays (GCRs)
modulated by the solar cycle stretching back to the 19t
century [2].

Ground Level Secondary Radiation. Ground lev-
el radiation varies greatly with primary spectrum. Neu-
trons dominate secondary fluence at energies less than
1 GeV due to their low production energy threshold.
Muons have a much higher production threshold, great-
ly diminishing their contribution at the usual solar en-
ergy ranges. We use the lookup tables of Overholt et al.
[3] and Atri and Melott [4] to find the neutron and mu-
on fluence at ground level due to primaries of varying
energies.

Ground Level Radiation Dose. Neutron radiation
dose was found using the work of Alberts et al. [5].
Muon radiation dose was found by calculating the en-
ergy loss of high energy muons traveling through mat-
ter. The figure below displays the results of these cal-
culations, showing the radiation dose of neutron and
muon radiation at ground level due to different primary
cosmic ray energies.
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Simulation of Historic Events. We now use the
results of computational simulations ([3] and [4]) to
approximate the ionizing radiation from SPEs which
have shown correlation with congenital malformations.
Included in this is the modeling of large SPEs meas-

ured during the 20™ century as well as an event in the
8™ century characterized by an increase in **C at that
time. The spectra of these events can be found in the
figure below, along with the table showing the results

of our calculations.
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Event Date Neutron Dose (uSv) Muon Dose (HSv) Total Dose (uSv)
February 23, 1956 0.043 0.007 0.050
August 4, 1972 0.000022 0.0000010 0.000023
September 29, 1989 0.0057 0.0016 0.0073

October 19, 1989 0.0061 0.0020 0.0081
October 22, 1989 0.000074 0.0000043 0.000078

October 24, 1989 0.0017 0.00019 0.0019
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Conclusion. We find that the amounts of ionizing
radiation produced by these events are insufficient to
produce congenital malformations under the current
paradigm regarding muon ionizing radiation. We find
that this likely means our assumptions about muon ion-
izing radiation are false. We believe further work is
needed to determine the correct ionizing radiation con-
tribution of cosmogenic muons. We suggest that more
extensive measurements of muon radiation effects may
show a larger contribution to ionizing radiation dose
than currently assumed.
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